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Method and ass emb ly for opening calender nips 

y The present invention relates to an^hod according to 

the preamble of claim 1 and an^sembly according to the 
5 preamble of claim 7 for opprfong calender nips especially 
at breaks occurring ipxa web being calendered. The inven- 
tion also relates^tfo a method according to the preamble 
of claim 14 £efr detecting a break in a moving web. 

10 Conventionally, the surface of a moving web of paper or 

board is smoothed and made glossy in a multiroll calender 
comprising a plurality of rolls stacked in a calender 
frame so as to form a nip contact with each other. A 
multiroll calender comprises a top roll and a bottom roll 

15 with at least one intermediate roll located therebetween. 
The rolls of the stack are compressed against each other 
by the top and bottom rolls that act as the loading rolls 
to provide a sufficiently high linear nip force. In 
calendering, the web passes through the calender nips 

20 formed by the superimposed rolls. A soft-roll calender 

typically has two or four nips placed in a succession in 
separate calender frame sections thus allowing the web 
being calendered to pass straight between two successive 
nips. In a conventional two-nip soft-roll calender, the 

25 web is calendered once on either side. 

Some of the calender rolls are heatable, hard-surfaced 
thermorolls, while some others are rolls surfaced with a 
soft coating. For instance , one of the rolls in a roll 
30 pair of a soft-roll calender is generally a metal - 

surfaced thermoroll and the other is soft-coated roll. 
The thermoroll is typically heated with oil or some other 
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heat -transfer medium such as water or steam. Using oil as 

the heating medium, a roll temperature of almost 3 00 °C 

can be reached. However, the temperature of the thermo- * 

roll is typically about 200 °C. Circulation of the heat- 

5 transfer medium in the roll can be accomplished in dif- 
ferent ways. The most frequently employed technique is to 
feed the heat -transfer medium into and out from the roll 
via a single end only, whereby the medium first is passed 
along one duct to the roll end and then the return flow 

10 takes place along a parallel duct. The return flow exits ^ 
the roll to a reheating circuit via a bore made to the 
roll end flange and the roll shaft. 

In the material selection for soft-coated rolls, the 
15 possible temperature elevation caused by an adjacent 

thermoroll must be taken into account. The surface cover- 
ings of soft -coated rolls are selected from the group of 
materials compatible with the rugged conditions imposed 
by the nip contact, such as a generally available polymer 
20 of the thermosetting or thermoplastic type, for instance. 

Rolls coated with a thermoplastic polymer are described ^ 
in, e.g., publication GB 1,011,114, while rolls coated 
with a thermosetting polymer are described in, e.g., 
publication EP 321,561. In the prior art it was 
25 conventional to make the covering of soft-coated rolls 
from natural -fiber-based materials such as those 

described in, e.g., publication US 4,283,821. ' 



As the web being calendered may in some cases break 
30 during calendering, either prior to or after the calen- 
dering step, it is necessary to have an ability to open 
the calender nips a/ rapidly as possible at the occur- 
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rence of a web break. Opening the nip&/is particularly 
important in calenders having soft-boated rolls. Namely, 
the thermorolls of closed nips b^in after the web break 
to heat the adjacent soft -coated rolls because there is 
no more a paper web running/€hrough the nip so as to 
remove the heat emitted by the thermorolls. Herein, the 
soft-coated rolls may overheat resulting in a roll 
damage. In modern calenders running at high web speeds, 
also the amounts izff heat transferred to the thermorolls 
may be substantially large, which means that an extremely 
rapid opening of a thermoroll nip is mandatory, even as 
fast as irr few tenths of a second if the web break occurs 
just un^tream from a nip. 

To prevent damage to soft -coated rolls, calenders are 
equipped with automatic web-breakage control that opens 
the calender nips immediately at a web break. Typically, 
the occurrence of web breaks is monitored by means of 
photocell curtains installed over the web in the cross - 
machine direction. As the detection of a web break must 
take place in a short time, it is not possible to apply a 
sufficient filtration to the output signal obtained from 
the photocells. Hence, a small defect, such as a hole in 
the web, may be interpreted as a web break even if the 
defective portion of the web in fact might pass the 
calender without problems. However, due to the high price 
of the soft -coated rolls, it is customary to set the 
control system to open the nips already at the occurrence 
of the smallest defects. As a consequence of such an 
erroneous or oversensitive response of the automatic web- 
breakage control system, the calender nips are opened, 
which is an ultimate cause to an actual web break. 



J: G G Oi O ^=31 * ILJ jL ^S»5 i^ 



WO 01/21888 PCT/FI00/00817 




It is an object of the present invention to overcome the 
problems of the above -described prior art and to provide 
an entirely novel method and assembly suited for opening 
5 the nips of a calender passing a web being calendered at 
the instant a web break or damage is detected. It is a 
further object of the invention to provide an entirely 
novel method for detecting a break in a moving web. 

10 The goal of the invention is achieved by way of measuring 
the tension profile of the web being calendered at 
multiple points over the cross-directional width of the 
web, whereby a proper processing of the measurement 
signal makes it possible to categorize a detected defect 

15 as an actual web break necessitating the opening of the 
nips or as a damaged surface area or minor defect of the 
web that may be assumed to pass the calender without 
major problems. The web tension profile may be measured, 
e.g., by arranging the moving web to pass over an arcuate 

20 tension gauging bar. The tension gauging bar is provided 
with holes communicating with sensors mounted at the 
holes so that the local pressure of the air cushion 
formed between the moving web and the gauging bar can be 
measured. The pressure of the air cushion at a given 

25 point is proportional to the web tension at said point. 
The calender nips are opened when the web tension at a 
preset number of points over the cross -machine width of 
the web has fallen to a value at which the decision- 
making algorithm monitoring the overall tension profile 

30 of the web interprets the situation as a web break or an 
extensive defect on the web that requires the opening of 
the nips. The web tension may be measured, e.g., in front 
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of the calender, after the calender or between two nips 
thereof . 

More specifically, the nlethod according to the invention 
for opening the nips of a calender is characterized by 
what is stated in the characterizing part of claim 1. 

The assembly according tlor the indention for opening the 
nips of a calender /is cAaraet^rized by what is stated in 
the characterizing pa^tlof claim 7. 

Furthermore, the method! according to the invention for 
detecting breaks in a rjunning web is characterized by 
what is stated in the dharacterizing part of claim 14. 

The invention offers significant benefits . 

By way of monitoring the cross-machine tension profile of 
the web being calendered, it is possible to discriminate 
web breaks and other major defects from such minor 
defects that can be expected to pass the calender without 
problems in a manner significantly more reliable than 
what can be attained through the use of photocells. By 
the same token, web breaks induced by an incorrect 
interpretation of web monitoring signals are reduced, 
thus contributing to a higher availability of the 
calender and reduced amount of broke. In the embodiment 
according to the invention, it is possible to define 
optimally the area of maximum web damage, and the respec- 
tive tension profile, that still permits the respective 
portion of the web to be passed through the calender 
without encountering major problems. Moreover, it is 
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possible to detect the damaged portion of the web by 
virtue of the web tension profile measurement before the 
web is passed through the calender, thus giving a highly b 
reliable technique of opening the nips before damage is ( 
5 caused to the soft-coated rolls. As the preset web 

tension monitoring values triggering the opening of the 
nips can be easily changed, the arrangement according to 
the invention is easily applicable to different paper 
grades. Furthermore, the apparatus used for web tension 
10 measurement has a relatively simple construction that can ^ 
be easily adapted to operate in conjunction with an 
existing calender. 

^ In the following, the inv^tTion will be examined in 

15 greater detail by makifig reference to the appended draw- 
ing representinq^diagrammatically a two-nip calender. 

Referring to the drawing, the calender construction shown 
therein comprises two nips 9, 10 formed by members 
20 brought into a nip contact, such as rolls and/or the 

shoes of a shoe press. In the embodiment illustrated in ^ 
the drawing, the nip 9 is formed by rolls 1, 2 and the 
nip 10 is formed by rolls 3, 4. Typically, one of the 
rolls 1-4 forming the nips 9, 10 is a hard- surfaced 
25 thermoroll heated by oil, steam or water, while the other 
roll of the nip is a soft-coated roll. In a conventional 
two-nip calender, the web 5 is passed almost straight 
through the nips 9, 10. As the pressure imposed thereon 
causes the web 5 to increase in width in the first nip 9, 
30 there are conventionally placed a number of guide and 

spread rolls between the nips 9, 10 so that the web 5 can 
be spread and tensioned. Generally, the rolls 1-4 of a 
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soft -roll calender are arranged so that the web 5 passing 
the nips 9, 10 can be calendered on both sides, whereby 
the hard- surfaced and the soft -coated roll 1, 2 of the 
first nip 9 are placed in a reversed order in regard to 
5 that of the rolls 3, 4 of the second nip 10- In the 

drawing, the travel direction of the web 5 is denoted by 
an arrow. 
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In the travel direction of the web 5 being calendered, at 
10 a point preceding the first nip 9, there is placed a 

gauging device 6 that measures the cross -machine tension 
profile of the web 5. A similar gauging device 7, 8 is 
also placed at a point between the nip 9 and the next nip 
10, as well as to a point downstream from the nip 10 in 
15 the travel direction of the web 5. Alternatively, the 

gauging device can be located at only one or two of the 
above-mentioned points, whereby the gauging device is 
most advantageously placed upstream from the nips 9, 10 
in regard to the travel direction of the web 5. 

20 

The device 6, 7, 8 measuring the tension profile of the 
web being calendered may be, e.g., an arcuate sensor bar 
incorporating a plurality of holes aligned in a row 
essentially at right angles in regard to the web travel 

25 direction, each one of the holes having a separate 

pressure sensor communicating therewith. The web 5 being 
calendered passes over the sensor bar 6, 7, 8 supported 
by an air cushion that is formed when the boundary air 
layer entrained with the web 5 is compressed between the 

30 sensor bar 6, 7, 8 and the web 5. The cross-machine 

tension profile of the web 5 can be determined by way of 
measuring the local pressure between the running web 5 
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and the arcuate section of the sensor bar 6, 7, 8 by 
means of the pressure sensors communi eating with the 
holes of the sensor bar 6, 7, 8. Obviously, at points 
where the web 5 is broken or the web 5 has a hole, there 
5 cannot be formed any air cushion or, if an air cushion 

exists, its pressure is lower than at an intact point of 
the web 5. The structure of one such embodiment of a 
gauging bar 6, 7, 8 is described, e.g., in more detail in 
patent publication US 5,052,233. 

10 

The nips 9, 10 of the calender are opened when the web 
tension measured at a desired number of cross-machine 
points of the web 5 have fallen to a limit value at which 
the decision-making algorithm monitoring the tension 

15 profile of the web 5 interprets the situation to be a web 
break or a so extensively damaged area of the web 5 that 
requires the opening of the nips 9, 10. Herein, a cross- 
machine point of the web 5 must be understood to refer to 
a measurement area monitored by a single sensor or an 

20 area of the cross -machine width of the web 5 defined by 
any other method. When a decision must be made to open 
the nips 9, 10, it is not necessary to detect an almost 
complete break of the web 5, but instead, it is generally 
sufficient to detect a larger defect than that represent - 

25 ed by a minor hole in the web 5 or a ragged edge of the 
web 5 . 



The decision-making algorithm of the above -de scribed 
method can be implemented by way of, e.g., giving the 
30 cross -machine tension of the web 5 a reference value to 

which the tension values sensed by the gauging devices 6, 
7, 8 are compared. The widths of the areas on the web 5 
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at the points, where the measured value of the web ten- 
sion fall below the preset reference value, are summed. 
Next, the summed width of the defective areas over the 
cross-machine width of the web 5 falling short of the 
5 preset reference value is compared to the overall width 
of the web 5, whereby any violation of an adjustably- 
defined preset limit value of damaged area triggers the 
opening of the nips 9, 10. In other words, the summed 
width of the areas detected in the web 5 falling short of 
10 the preset limit value are herein considered to represent 
the width of the damaged area in the web 5. For instance, 
if the web 5 being calendered breaks entirely, the meas- 
ured tension of the web falls below the preset reference 
value at least essentially over the entire width of the 
15 web 5. Experimental data can be used in the determination 
of the reference value and the limit value representing 
the maximum summed width of the damaged areas to the 
overall width of the web 5 that may be assumed to pass 
the web 5 through the calender without problems. 
20 Generally, there must be determined different reference 
and limit values for each one of the paper grades to be 
produced. Obviously, it is necessary to provide 
possibilities of changing the settings of the reference 
and limit values when the properties of the paper web 
25 being calendered vary. 



Another technique of setting up the decision-making algo- 
rithm is to compute, e.g., a weighted average of the 
measurement values obtained from the different points 
30 over the cross -machine width of the web and then to open 
the nips 9, 10 when this value falls below the preset 
reference value. Typically, the weighing factor in the 
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averaging computation is set proportional to the width of 
the measurement point in question. 



The decision-making algorithm may also be designed to 
5 implement the above -de scribed functions in a more intel- 
ligent manner utilizing, e.g., a model based on statisti- 
cal analysis that takes into account, e.g., the magnitude 
of the normal variations in the web tension and makes an 
inference on a web break when the tension measurement 
0 values taken on the web 5 fall significantly below those 
expected to be encountered within the random variations 
of normal tension measurement data. 



The method according to the invention for detecting a 
break in the web 5 is otherwise similar to the above- 
described method for opening calender nips, except that 
herein an indication of a web break is triggered when in 
the web 5 the summed width of the areas at which the 
measured tension value of the web 5 falls below a preset 
reference value becomes at least essentially equal to the 
overall width of the web 5 . 

In addition to those described above, the invention may 
have alternative embodiments. 



In spite of the fact that the above arrangement using a 
gauging sensor bar for determining the cross -machine 
tension profile of the web being calendered can be appre- 
ciated as the most preferred embodiment of the invention, 
also other kinds of equipment suited for the task can be 
used. One kind of such apparatuses is a tension measure- 
ment roll axial ly divided in segments having the air- 
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cushion pressure gauging sensors adapted therein. 

As it may be difficult to adapt the web tension measuring 
equipment into the space remaining between the calender 
5 nips in multiroll calenders comprising a plurality of 

nips formed by superposed rolls, the measurement of the 
cross-machine web tension profile must in practice be 
performed either upstream and/or downstream of calender. 

10 After the decision-making algorithm has detected a web 

break or a defective point on the web 5, the web 5 may be 
severed by means of an air- jet cutting, device that cuts 
the web with the help of a compressed-air jet. After the 
web has been cut with the help of the compressed-air jet, 

15 the web 5 can be guided away from the nips to prevent the 
web from becoming wound about the calender rolls. In 
practice, the cutting technique based on an air jet is 
much safer than a web-cutting technique implemented with 
cutting knives, for instance. The air- jet cutting 

20 apparatus may be integrated, e.g., in the above-described 
web tension gauging bar. 
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Claims : 

1. Method for opening the nips (9, 10) of a calender 
comprising at least two elements (1, 2; 3, 4) 

5 brought to a nip contact with each other, especially 

for performing the nip opening at a break or damage 
occurring in the web (5) being calendered, in which 
method the tension of the web (5) being calendered 
is measured at multiple points over the cross - 

10 machine width of the web (5), character- 

ized in that the calender nips (9, 10) are 
opened when the measured web tension at a preset 
number of points over the cross -machine width of the 
web (5) has fallen to a limit value that by a 

15 decision-making algorithm monitoring the tension 

profile of the web (5) is interpreted to indicate a 
damage on the web (5) requiring opening the nips (9, 
10) , the decision to open the nips is made before a 
complete break of the web (5) occurs. 

20 

2. Method according to claim 1, character- 
ized in that 



- a reference value is set for the tension of the 
25 web (5) measured at a point over the cross- 

machine width of the web, 



- said measured tension value of the web (5) is 
compared with said reference value, and 

30 

- the calender nips (9, 10) are opened when the 
ratio of the areas, at which the measured 
tension values of the web (5) fall below a 
preset reference value, as summed over the 

35 cross -machine width of the web (5) , to the 

overall width of the web (5) exceeds a preset 
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limit value . 

Method according to claim 1, character- 
ized in that 

- a preset reference value is set for the tension 
of the web (5) measured at a point over the 
cross -machine width of the web, 

- a weighted average is computed from said meas- 
ured tension values of the web (5) obtained from 
different points over the width of the web, and 

- the calender nips (9, 10) are opened when said 
weighted average of the web tension values falls 
below the preset reference value. 

Method according to claim 3, character- 
ized in that the width of the detected area is 
used as the weighing factor of said weighted 
average . 

Method according to any one/ of foregoing claims, 
characterized/in that the tension of 
the web (5) being calendered is measured indirectly 
by way of measuring the pressure of an air cushion 
formed between the moving web (5) and a gauging bar, 
which is located in a /close proximity to said web 
(5) and has an at leafet partially arcuate shape in 
the travel directions of said web (5)., whereby the 
measured pressure c/f said air cushion is propor- 
tional to the tens/ion of said web (5) . 

Method according to any one of foregoing claims, 
characterized in that the web (5) being 
calendered is /severed with the help of an air- jet 
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cutting device when a dec i^fon- making algorithm 
monitoring the tension orofile of said web (5) 
interprets the detected situation to be caused by a 
web break or oth^r damaged area of the web (5) that 
necessitates ^rtie opening of the nips (9, 10) . 



Assembly for opening calender nips (9, 10), partic- 
ularly at the occurrence of a break or damage in a 
web (5) being calendered, said assembly comprising 



— at least two members (1, 2; 3, 4) adapted to 
cooperate in a nip contact so as to pass there- 
between the web (5) being calendered, and 



- a gauging device (6, 7, 8) for measuring the 
tension of the web (5) being calendered at 
multiple points along the cross -machine width of 
the web (5) , 



characterized in that the calender nips 
(9, 10) are adapted openable when the web tension 
measured at a preset number of cross -machine points 
of the web (5) has fallen to a value at which a 
decision-making algorithm monitoring the tension 
profile of the web (5) interprets the detected 
situation to be caused by damaged area of the web 
(5) that necessitates the opening of the nips (9, 
10) , the decision to open the nips is made before a 
complete break of the web (5) occurs. 

Assembly according to claim 7, character- 
ized in that said gauging device (6, 7) is 
located at a point preceding said calender nip (9, 
10) upstream in regard to the travel direction of 
the web (5) . 
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Assembly according to claim 7 or 8, charac- 
terized in that said gauging device (8) is 
located at a fcoint after said calender nip (9, 10) 
downstream in\regard to the travel direction of the 
web (5) . 



10 



10. Assembly according to any one of claims 7-9, 

characterized in that said gauging 
device (6, 7, 8)1 is a gauging bar shaped to have an 
at least partially arcuate surface in the travel 
direction of saici web (5) and has pressure sensors 
adapted to holes made thereon. 



11. Assembly according \to any one of foregoing claims, 
15 character i\ zed in that one of the 

members (1, 2; 3, 4)\ forming said calender nip (9, 
10) is metal-surfacep roll and the other one is 
soft-coated roll. 

20 12. Assembly according to \any one of foregoing claims, 
characterized by an air- jet cutting 
device adapted to perform the severing of said web 
(5) being calendered at\ the instant the decision- 
making algorithm monitoring interprets the situation 
25 to be a web break or a s[o extensively damaged area 

of the web (5) that requires the opening of the nips 
(9, 10) . 



13. Assembly according to claim 12, character- 
30 i z e d in that said air-jet cutting device is 

integrated with said web tension gauging bar. 



14 . Method for detecting a break or damage occurring in 
a web (5) being calendered, in which method the 
35 machine-direction tension of the web (5) being 

calendered is measured at multiple points over the 
cross -machine width of the web (5), charac- 
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terized in that a damage of the web (5) is 
indicated when the measured web tension at a preset 
number of points over the cross -machine width of the 
web (5) has fallen to a limit value that by a 
decision-making algorithm monitoring the tension 
profile of the web (5) is interpreted to indicate a 
damage on the web (5) requiring opening the nips (9, 
10) , the indication is made before a complete break 
of the web (5) occurs. 
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